From these data, we conclude that a LN molecular eclosion rhythms require the presence of LNs. In addiclock, which can drive rest:activity rhythms, is not suffition, we demonstrate that pigment-dispersing factor cient to restore eclosion rhythms. A peripheral clock, (PDF), a neuropeptide secreted from LNs, is necessary then, is necessary to maintain eclosion rhythms, even for the PG clock and eclosion rhythms. Unlike other in the presence of a functioning LN clock. clocks in the fly periphery, the PG is similar to mammalian peripheral oscillators because it depends upon input, including PDF, from central pacemaker cells. Previous studies suggest that there is some circadian
control over PG function. Notably, ecdysone titers cycle in a circadian fashion in Rhodnius prolixus [27] . In Drosophila, PER is present and oscillates in central brain-PG cultures taken from white prepupae [28]. It is not known, however, whether both PER and TIM oscillate in this tissue under free-running conditions (in constant darkness and temperature) immediately preceding eclosion. Presumably, these conditions should be met before one considers the PG a true clock tissue and an appropriate candidate clock tissue involved in the control of eclosion gating.
We assayed clock function in the PG by quantitating PER and TIM levels over the course of the day in intact pupae. As mentioned before, expression of per [5] and tim [6] is controlled by an autoregulatory negative feedback loop involving the transcription factors dCLOCK and CYCLE (reviewed in [1, 2]). A consequence of this negative feedback loop is the oscillation of PER and TIM expression, with highest levels late in the night and lowest levels in the middle of the day [29] . We looked first at PER and TIM expression in the PG in a light-dark (LD) cycle to determine whether there were significant differences throughout the day in conditions when, in other tissues, the amplitude of this oscillation is greatest. Wild-type (yellow, white; yw) pupae were entrained to an LD cycle and collected the day before eclosion. Both PER and TIM levels changed over the course of the LD cycle, with a significant difference between the peak (late night) and the trough (late day) values. The peak of PER expression was slightly later when compared to TIM ( Figures 1A and 1B, solid lines) . Both expression profiles, though, matched those seen in the LNs. PER To determine whether LNs are necessary, we tested peripheral clock and on eclosion, we looked at the effect of disrupting this clock in both assays. We overexfor the presence of both eclosion rhythms, and a PG clock in a fly line that lacked LN cells. We used a fly line pressed TIM (UAS-tim
3-1
) in neurons of wild-type flies at all times of day by using an elav c155 -gal4 driver, all in a in which we ablated LNs without lesioning many other neurons. This is a more focused disruption than that wild-type background (Supplemental Figures S3A and  S3B ). This perturbation of TIM expression is sufficient caused by the disconnected (disco) mutation described earlier or the genetic ablation of gal1118 cells (described to disrupt locomotor rhythms in the adult fly [10]. We found that although the molecular clock in the LNs was in our Conclusions). We ablated LN cells by driving a cell death gene, head-involution defective (hid), with pdfdisrupted, there were still daily changes of TIM in the PG, and eclosion remained rhythmic (Supplemental Figures  gal4 [34] . PDF is expressed in the LNs [35], but not in the PG (Figure 3A) . These pdf-gal4 X UAS-hid flies are S3C and S3D). also arrhythmic for rest:activity behavior as adults ([34] and our unpublished data). In the PG of pdf-gal4 ϫ Effects of LNs on PG Are Likely to Be Mediated by PDF UAS-hid and in disco 01 flies, there was no longer any significant difference in TIM expression over the course It is possible that the role of the LNs is to provide, via PDF, a signal to the PG clock. In the LN axons that of the day (Figures 3B and 3C) . Although eclosion gating in the pdf-gal4 X UAS-hid line appeared to be present project to the dorsal brain, PDF expression cycles, with PDF release believed to occur during subjective night. during the first two days in constant darkness, rhythms did not persist ( Figure 3D ). We speculate that the flies The rhythmicity of PDF release and eclosion correlate well. For instance, in per 0 and tim 0 flies, PDF is no longer emerging during the first two days of this assay were gated because their exposure to the entraining LD cycle released in a rhythmic fashion from these dorsal, LN projections, and eclosion is arrhythmic as well [36]. To persisted until relatively late in development. This may result in limited and short-lived synchrony through undetermine whether PDF is part of the LN output pathway to the PG or involved in eclosion gating, we assayed known mechanisms. Clearly, though, LNs are required to maintain eclosion rhythms.
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